Abstract. The reactions of two variants of ENENES ligands, E(CH
Introduction. The vast majority of ligands used in homogeneous catalysis are based on P and/or N donor atoms, with an enormous number of such ligands having been designed and synthesized over the past five decades. various (acceptorless) dehydrogenations, 6m, 6s, 6z, 6ad, 6ae selective α-and α,β-deuteration of alcohols, 6c dehydrogenation 6t, 6af-ah of ammonia or amine boranes, domino-synthesis of indoles, 6n hydrogen production from biomass-derived chemicals, 6a, 6b, 6r synthesis of substituted γ-lactones, 6f synthesis of amides from esters and amines, 6h diastereoselective amination 6p etc.
Success in catalysis science relies on the development of new and novel ligands. Recently, we introduced "ENENES", 9,10 a new family of NNS ligands containing an N-H functionality of general formula E(CH 2 ) m NH(CH 2 ) n SR, where E is selected from --NC 4 H 8 O, -NC 4 H 8 , -N(CH 3 ) 2 , m and n = 2 and/or 3; R = Ph, Bn, Me (Chart 1). On the contrary to solid PNP-ligands bearing oxygen-sensitive P-atoms, liquid ENENES ligands are air-stable and can be easily accessed in multigram quantities in a variety of forms, since a range of cheap building blocks for their preparations are commercially available. Although sulfur has a tendency to poison transition-metal catalysts, 11 coordination of ENENES to Ru and Ir resulted in practical catalysts for the hydrogenation of ketones and fluorinated esters at ambient temperatures (for selected examples, see Chart 1. 9, 10 It is generally considered that if the reactions can be catalyzed by less-expensive metals, these processes maybe more industrially important. 12 The replacement of precious-metal catalysts with cheap and abundant (first row transition) metals was suggested, 13 Alternative work-up for 2. After filtering the solution through a Whatman syringe filter as described above, the solvent was evaporated and the obtained residue was stirred with diethyl ether (7 ml) -pentane (7 ml) mixture to afford a white precipitate (overnight). The precipitate was collected, washed with diethyl ether (3 × 5 ml) and vacuum dried overnight. X-Ray Diffraction Studies. Data for complexes 1', 2, 3, 5 and 7·½hexane were collected on a Bruker D8 diffractometer, with an APEX II CCD detector. The crystals were cooled to an appropriate temperature as shown in Table 2 using a Bruker Kryoflex liquid nitrogen cryostat. Data for complex 4 were collected on a Bruker D8 Quest diffractometer, with CMOS detector in shutterless mode. The crystal was cooled to 100 K employing an Oxford Cryostream liquid nitrogen cryostat. The crystal quality did not allow satisfactory data refinement for 4, however, the structural data is sufficient to establish the chemical connectivity and molecular geometry as shown in Figure 4 , see SI for more details. All the data collections employed graphite monochromatized MoKa (λ = 0.71073 Å) radiation. The structure of 7·½hexane had disordered lattice solvent molecules, which were treated with Platon/Squeeze. Cell indexing, data collection, integration, structure solution, and refinement (full-matrix least-squares on F 2 ) were performed using Bruker and Shelxtl software. Details of crystal and data collection parameters are summarized in Table 2 . Additional details are included in the supplementary material. /6-311++G**(C,H,N,O,S,Cl) level of theory with an increased integral accuracy (1 × 10 -11 ) using code Gaussian 09 (rev. D01). 34 The computations were performed in the gas-phase for Co-complexes with a multiplicity of 4 corresponding to S = 3/2. An example of an input file is provided in SI. All the wavefunctions were tested for stability for each optimized structure. Molecular graphics were performed with the UCSF Chimera package.
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Results and Discussion. The reaction of pink MnCl 2 with an equimolar amount of ligand a in acetonitrile resulted in the formation of a white solid immediately in 1-2 min after mixing the reagents and stirring was applied. The heterogeneous reaction was not completed within at least 1 h as evidenced by visual observation of pink solid material still present in the reaction mixture . In 2-6 hours, the reaction mixture resulted in a white suspension, but the elemental analysis of the separated white powder was not satisfactory and was not well reproducible, being far from a 1:1 stoichiometry. On the other hand, X-Ray diffraction analysis performed on the colorless crystals obtained from a mother liquor separated in 2 h from the white powder identified a tetranuclear C i -symmetric chlorido-bridged manganese ( (8); Mn1-Mn1a, 3.867(9); Mn1-N1, 2.247(2); Mn1-N2, 2.333(2); Mn1-Cl2, 2.5143(9); Mn1-Cl1, 2.5245(8); Mn1-Cl3, 2.7116(8); Mn1-Cl3A, 2.5546(9); Mn2-N3, 2.269(2); Mn2-N4, 2.359(2); Mn2-Cl4, 2.4143 (9) . Symm. a: 1-x, 2-y, 2-z. mode of coordination is suggested by X-Ray structural analysis for complex 1' (as well as 2 and 3, see below), whereas its identity as a mononuclear Mn 1 species rather than a tetranuclear Mn 4 is suggested by a different X-Ray powder diffraction (XRD) pattern observed for 1 and predicted for 1', see Figure S8 . The experimental magnetic susceptibility measurement for complex 1 is consistent with a paramagnetic, high-spin formulation, Table 1 . The complex is sparingly soluble in organic solvents under argon but was immediately solubilized by water in air, where possible decomposition takes place. On the other hand, visually, the compound appears to be stable in air in the solid state, but seems to be highly hygroscopic.
On the contrary to MnCl 2 , the reactions of MCl 2 (M = Fe, Co) with ligand a were homogeneous under the same conditions. Crystallizations afforded the paramagnetic, tetrahedral complexes [M(κ 2 (4) The room temperature reaction of brown CuCl 2 with an equimolar amount of a or b in acetonitrile resulted in the formation of air-and moisture-stable green and sea green complexes [Cu(κ 3 [N,N',S]-ligand)Cl 2 ], ligand = a (6), b (7), in 91% and 79% isolated yield, respectively as shown in Scheme 1. These contain the NNS ligand bound in a tridentate fashion, as suggested by the green color typically attributed to a σ(S) → d(Cu) charge transfer. 41 The composition of these complexes was confirmed by elemental and X-Ray structural analysis for 7·½hexane as shown in Figure 8 . The structure of 7 is similar to copper(II) complexes bearing tridentate meridional NNS ligand derivatives of pyridine, 41a, 42 i.e. the Cu(II) atom possesses a five-coordinate, distorted square-pyramidal geometry with a Cl1-Cu-Cl2 angle of 104.74(2)°. A notable difference is the shorter Cu-Cl2 bond length of 2.4974(7) Å (cf. 2.648-2.659) 41a, 42 for the copper axial chlorideatom bond lengths. It is also interesting to note that the morpholine moiety in 7 adopts an axial conformation, contrary to all complexes described herein in which equatorial coordination is observed. We remind the reader that these conformations are separated by ~ 1 kcal·mol -1 in a morpholine molecule. 43 Such an arrangement is likely responsible for the different structures observed for 7 versus 4 in the solid state which differ in the value of the N(H)-M-Cl2 angle (cf. also 3B and 3C in Figure 4) . Figure 8 . X-Ray molecular structure for Cu-complex 7·½hexane (50% level of thermal ellipsoids). H-atoms (except NH) and solvent molecule are omitted for clarity. Selected bond distances (Å): Cu1-Cl1, 2.2619(6); Cu1-Cl2, 2.4974(7); Cu1-N1, 2.0838(18); Cu1-N2, 2.0135(18); Cu1-S1, 2.3627(7). Selected angles (°): N1-Cu1-S1, 161.87(5); N1-Cu1-N2, 85.39(7); Cl1-Cu1-Cl2, 104.74(2); N2-Cu1-Cl2, 90.27(5); N2-Cu1-Cl1, 164.80(5). required with respect to a chair → skew-boat rearrangement within this moiety.
Conclusions
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